Introduction The complex anatomy of the human face requires a high degree of experience and skills in surgical wound care of facial soft tissue defects. The previous education of a surgeon contains literature studies and supervision during surgeries, according to the surgical spectrum of the educating hospital. A structured education including the training of different surgical methods on a model with slow increase of complexity considerably could improve the following education related to the patient. Methods During a cooperative project, the 3di GmbH and the Department of Otolaryngology of the University Hospital Jena developed a face model for surgical education. This model allows the training of surgical interventions and the closure of skin defects in the human face. The model was used in various workshops, in functional and aesthetic surgery for beginners, advanced surgeons and ENT physicians, as well as student courses in surgical suturing techniques, and tested and evaluated by the attendees.
Introduction
The complex anatomy of the human face requires a high degree of experience and skills in surgical wound care of facial soft tissue defects such as skin defects, removal of scars, or after tumor resection. [1] The previous education of a prospective surgeon contains literature studies and supervision during surgeries, according to the surgical spectrum of the educating hospital. The limiting factor is, in particular, the spectrum of the hospital and the experience of the supervisor.
A structured education including the training of different surgical methods on a model with an increase of complexity considerably could improve the following education related to the patient. The practical testing of various surgical techniques for soft tissue defects in the field of facial surgery is necessary.
In some medical departments (such as visceral surgery, vascular surgery, emergency medicine, and anesthesia) training mannequins, blood vessel models, laparotomy models, or simple suture models are used for medical education [2] . Also, there are a few surgical training laboratories. [3, 4] But a complex model of the human face skin for the practice of surgical sutures and skin flaps does not exist yet. [5, 6] .
Methods
In the BMWi-funded project "Development and verification of anatomical training models of the head for soft tissue reconstruction," the 3di GmbH Jena and the Department of Otorhinolaryngology of the Friedrich Schiller University Hospital Jena developed a model of the human face for surgical education, with a focus on facial soft tissue surgery.
This skin flap model allows the training of surgical interventions and closure of skin defect in the human face. The model was used in various workshops for functional and aesthetic surgery for beginners, advanced surgeons, and ENT physicians, as well as in student workshops for the training of surgical suturing techniques, and was evaluated by the attendees.
Production of the models
During the project mentioned above, a series of skin flap models was developed and manufactured. The design is based on CT data sets. The base bodies of the models were 3D printed from plaster powder (rapid prototyping, [7] ), and then covered with a silicone layer. The silicone was adapted and improved in several steps and series of experiments and tests, depending upon the demands of the practices.
The thickness of the silicone layer had to be been designed according to the different skin thicknesses in the face. Primary objective was a similar elasticity of the artificial skin, which should be useful to train the creation of surgical flaps in the human face, as well as the sewability of the silicone layer with surgical suture material.
The initial design was an opaque silicone, but at the end of the project, models with a skin-colored single-layered silicone were created for a realistic training of suture and reconstruction techniques. (Fig. 1 ) Fig. 1 Jena skin flap model for surgical education -with various marked skin defects.
Model evaluation
To evaluate the skin flap model, several surgical workshops for functional and aesthetic surgery and courses for surgical suturing techniques were offered during the last three years. Target groups were medical students and medical assistants. Following standard surgical procedures were practiced by the attendees under guidance and with an increasing level of difficulty:
• different suture techniques (for example single over-and-over suture, Burow's triangle, Donati vertical mattress suture (back-and-forth suture), Gillies' corner stitch)
• dermatoplasty to correct scars (Z plasty, VY plasty)
• skin flaps (for example transposition flap, rotation flap, bi-lobed flap)
The attendees were beginners, as well as advanced surgeons and ENT physicians. The participants were asked to evaluate the models by a developed evaluation sheet. The evaluation of the workability was divided in the following scores: 1 = very similar to human skin, 2 = similar to human skin, 3 = suitable for training purposes; 4 = not comparable to human skin. Similar to this, each simulated surgery technique could be rated as follows: 1 = realistic surgery simulation, 2 = good simulation of surgery, 3 = sufficient simulation of surgery, 4 = surgery was not feasible. Finally, the participants should assess if the practices with the skin flap model could be helpful in preparation for surgery.
Results and discussion
Up to November 2011, 64 evaluation sheets which were completed by 21 beginners, 27 assistant physicians (surgeries under suspicion), and 13 experienced surgeons could be analyzed. 3 attendees gave no information about their level of education. This represents a cross-section of the future users of the skin flap model.
The attendees mostly rated the workability of the models and the possibility to practice on a realistic face model with artificial skin as very well and beneficial (1, 4) . The participants rated the silicone layer as comparable with the human face skin (2, 2) . Finally, almost all realizable surgery techniques were rated as good.
The skin flap model offers a useful structured training opportunity due to the combination of basic surgical anatomy of the facial skin (relaxed skin tension lines, aesthetic units, skin structure in different regions), and the direct training of suture and reconstruction techniques.
The evaluation of the model is consistent with the high quality and the individual benefit of preparation courses in general [8] .
In contrast to preparation courses with body donation specimens with known changes in the tissue due to the conservation (fixation in formaline) and even the random anatomy [9] , the model offers a standardized, identical surgical site for each participant and the master surgeon. Typical problems like cleaning of instruments etc. do not occur. Workshops can take place in an ordinary classroom or conference room.
The participants described the workability of the silicone layer as comparable with human skin. But the single-layer model has its limits. The closure of larger defects is difficult, despite extensive mobilization, because sutures can tear out of the material. For the same reason, a subcutaneous suture is not yet feasible.
The knowledge and assessment of the advantages and disadvantages of various flaps in the human face is essential for a functionally and aesthetically optimal result [1] . An important step is to plan the various possibilities of a skin flap. A defined defect can be marked on the model and discussed with the participants, with a following practical exercise to close the defect.
The order of the exercises had been chosen to allow the participants to get a feel for the model and sewing of the silicone layer. For the student workshop, the exercises were limited to a variety of suture techniques as well as an overview of suture material and needle shapes. In principle, such workshops can be carried out on simple seam coaches with artificial skin [5, 6] . These are offered in some surgical training labs for student training [3, 4] . But the students appreciated the realistic model of a human face and the exercise of one of the most frequently performed wound closure -a forehead laceration.
Another advantage for using the model in education of a large number of students is the cost-efficient and easy recoating of the basic body of the model.
For the education of physicians in residency, the model can be used for the training of advanced surgical skills and planning of reconstruction ( 
Conclusion
These models allows a repeatable and structured education as well as a refresher training of surgical standards, and are very helpful in preparation for operating facial defects on a patient, for beginners as well as advanced surgeons.
In an ongoing project, the development and production of multilayered models with cutis and subcutis and the integration of nerves and vessels is intended, as well as a detailed reproduction of special facial regions (eyelids, nasal cartilage, and lips) for a more comprehensive training diversity. These models will also be tested and evaluated in various workshops for functional and aesthetic surgery.
